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TTalimogene laherparepvec (T-VEC) is the � rst 
oncolytic virus therapy that was approved by 
the United States Food and Drug Administration 
(FDA) (in 2015) for the treatment of advanced-
stage melanoma. T-VEC is administered 
through intratumoral injection and has been 
demonstrated to be e� ective and well-tolerated 
in patients with melanoma.1–4 The Phase III 
randomized, controlled study, OncovexGM-CSF 
Pivotal Trial in Melanoma (OPTiM) compared 
intralesional T-VEC to granulocyte-macrophage 
colony-stimulating factor (GM-CSF). This trial 
found that the T-VEC–treated group had a 
signi� cantly higher durable response rate 
(continuous response lasting at least 6 months) 
in comparison to the GM-CSF-treated group.5

Based on the OPTiM � ndings, T-VEC received 
FDA approval for melanoma and has since been 
used in clinical practice as both a monotherapy 
as well as o� -label in combination with other 
immunotherapies, radiation therapy, and 
chemotherapy.1–5 Since the FDA approved T-VEC 
as a melanoma treatment, its e�  cacy has 
continued to be explored. One study of T-VEC 
use in 80 patients with melanoma by Louie et 
al6 found complete local response in 39 percent 
of patients and partial response in 18 percent; in 
addition, at the last follow-up, 37 percent of the 
complete responders had no evidence of disease. 
This study also further demonstrated the safety 
and tolerability of T-VEC while also con� rming 
its utility across multiple anatomic locations.6

Oncolytic viruses selectively target cancer 
cells, and their replication within these cells 

induces tumor cell lysis. This function can be 
attributed to either intrinsic viral properties or 
engineered alterations to the virus. T-VEC is a 
herpes simplex virus type 1 (HSV-1) that has 
been modi� ed through the deletion of infected 
cell protein (ICP) 34.5 and ICP47 genes as well 
as through insertion of human GM-CSF. Each 
of these changes help lead to the therapeutic 
e� ects of T-VEC. The selective targeting of cancer 
cells is accomplished through the deletion of 
ICP34.5, whereas the deletion of ICP47 yields 
improved antigen presentation of HSV-infected 
cells. Finally, the incorporation of GM-CSF to the 
virus induces a systemic immune response. In 
addition to contributing to tumor cell lysis of 
injected cells, this systemic e� ect is also thought 
to a� ect distant uninjected tumor sites.1,2,4,7

Currently, T-VEC is only FDA-approved for 
Stage IIIB through IV melanoma.4 This is due to 
a lack of Phase III clinical trials evaluating T-VEC 
e�  cacy for non-melanoma cancers. However, 
despite this paucity of Phase III trials, successful 
o� -label use of T-VEC for non-melanoma 
cancers has been reported in the literature. This 
includes Merkel cell carcinoma (MCC), sarcoma, 
squamous cell carcinoma of the head and neck 
(SCCHN), and lymphoma.8–16 These reports 
provide insight into the potential bene� ts 
of T-VEC as a more widely used therapy. We 
performed a systematic review to synthesize the 
� ndings of these studies and to hopefully serve 
as a stepping stone towards Phase III clinical 
trials evaluating e�  cacy of T-VEC for non-
melanoma cancers.
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BACKGROUND: Talimogene laherparepvec 
(T-VEC) is the � rst oncolytic virus therapy 
approved by the United States Food and Drug 
Administration (in 2015) for the treatment of 
advanced-stage melanoma. Despite a paucity 
of Phase III trials for T-VEC as a therapy for non-
melanoma cancers, successful o� -label use of 
T-VEC for this purpose has been reported in the 
literature. OBJECTIVE: We sought to review 
the literature describing T-VEC as a treatment 
for non-melanoma cancer. METHODS: 
Systematic searches of the PubMed literature 
database and ClinicalTrials.gov website were 
performed in July 2020, focusing on T-VEC 
in combination with non-melanoma cancer, 
including squamous cell carcinoma, Merkel 
cell carcinoma, sarcoma, cutaneous B-cell 
lymphoma, and cutaneous T-cell lymphoma. 
Articles were screened based on their title 
and abstract. RESULTS: Nine articles with 
87 patients were included. Relevant articles 
included case reports, case series, and Phase 
I and Phase II trials. The majority of patients 
in the studies had refractory cancers or 
had been heavily pretreated. Overall, T-VEC 
demonstrated e�  cacy for non-melanoma 
cancer, both independently and in combination 
with biologics. CONCLUSION: T-VEC has 
demonstrated e�  cacy for non-melanoma 
cancers. Phase III trials of T-VEC for this 
indication are warranted to expand its clinical 
utility.
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METHODS
Eligibility criteria. Original English case 

reports, case series, and clinical trials were 
eligible if they were published in a peer-
reviewed journal and reported on human 
patients. Non-case reports, such as reviews, 
basic research, or commentaries were excluded. 
Articles assessing T-VEC as a treatment for 
melanoma cancer were excluded.

Search methods. A priori protocol was 
approved by all authors. On July 18, 2020, a 
literature search was conducted and focused on 
T-VEC drug use in non-melanoma cancer. The 
PubMed database and ClinicalTrials.gov website 
were searched using various combination of 
the following free text: “T-VEC in squamous cell 
carcinoma,” “T-VEC in Merkel cell carcinoma,” 
“T-VEC in sarcomas,” T-VEC in cutaneous B cell 
lymphoma,” and “T-VEC in cutaneous T-cell 
lymphoma.” Articles and trials were evaluated 
by the authors (A. S. and N. B.), and the most 
relevant articles were selected according to their 
titles and abstracts. All articles that pertained 
to the subject and were published before the 
search date were included in the systematic 
review.

Reference lists of identi� ed original articles or 
reviews were searched manually. The stepwise 
approach is shown in Figure 1.

RESULTS
Nine articles with 87 patients were included 

in the study. Three articles were case reports,8,9,14

two were case series,10,11 two were Phase I 
studies,13,16 one was a Phase I/II study,15 and 
one was a Phase II study.12 The mean age of 
the included patients was 58.3 years old. Eight 
patients had MCC,8–11 eight patients had locally 
advanced sarcoma,12 12 patients had metastatic 
sarcoma,12 58 patients had SCCHN,13,15,16 and one 
patient had concomitant primary cutaneous 
anaplastic large cell lymphoma (ALCL) and 
metastatic melanoma.14

Fourteen clinical trials were currently 
underway studying the e� ects of T-VEC on 
non-melanoma cancer, and the majority are 
Phase II trials. Four clinical trials are combining 
T-VEC with radiation, two are combining it 
with nivolumab, and two are combining it with 
pembrolizumab. 

MCC. Eight patients had recurrent MCC, 
including six with metastasis.8–11 The mean age 
of these patients was 70.2 years old.8–11

Almost all of the patients (n=7, 87.5%) 

underwent complete resection or wide local 
excision of the primary MCC, which recurred 
in all patients. Among them, 25% (n=2) of 
patients received 4 to 11 cycles of cisplatin/
etoposide, and 37.5% (n=3) received adjuvant 
radiotherapy. After recurrence of the disease, 
T-VEC was administered.8–11

The � rst dose of T-VEC ranged between 1 and 
4 mL of 106 PFU/mL. Further dosages ranged 
between 1 and 4 mL of 108 plaque-forming unit 
(PFU)/mL.8–11 In the case report by Lara et al,8

the patient was started on salvage programmed 
cell death protein 1 therapy with nivolumab for 
his MCC. The nivolumab was discontinued after 
two cycles due to development of autoimmune 
diabetes. The patient subsequently began 
pembrolizumab, with T-VEC being added to 
the � fth cycle of pembrolizumab. The patient 
underwent six cycles of T-VEC with a clinical 
response (CR) resulting in no residual nodules 
to inject. The patient then continued solely with 
pembrolizumab.8

All patients had a CR,8–11 including two with a 
complete CR (CCR).10

The majority of patients did not have 
recurrent MCC for at least four months of follow-
up.8–11 One patient had a recurrence of MCC and 
resumed T-VEC without further recurrence.10

Adverse events (AEs) reported in the course 
of treatment with T-VEC included mild fatigue 
in 50% (n=4), nausea in 25% (n=2), � u-like 
symptoms in 12.5% (n=1), and injection site 
tenderness in 12.5% (n=1). T-VEC injections 

did not have any e� ect on Crohn’s disease, and 
no relapse was seen during the drug-intake 
period.8–11

Sarcoma. Twenty patients had locally 
advanced sarcoma or metastatic sarcoma. The 
mean age of these patients was 63.5 years old.12

A total of 13 patients (65%) had previously 
received doxorubicin- or liposomal doxorubicin–
based treatment, and nine patients (45%) 
had received pazopanib. Immunotherapy 
(nivolumab with or without ipilimumab) was 
prescribed in � ve patients (25%).12

All study participants received both T-VEC and 
pembrolizumab on Day 1 of each 21-day cycle. 
For T-VEC dosing: the � rst dose of T-VEC was less 
than 4 mL × 106 PFU/mL, and the second and 
subsequent doses were equal or less than 4 mL 
× 108 PFU/mL. The pembrolizumab dose was 
200 mg/dose.12

No CCRs were noted. The median time to 
partial CR was 14.4 weeks. Follow-up was 
uneventful for 14 months.12

AEs reported included fatigue in 80 percent 
(n=16), fever in 45 percent (n=9), chills in 45 
percent (n=9), nausea in 30 percent (n=6), 
anemia in 25 percent (n=5), vomiting in 20 
percent (n=4), hypothyroidism in 20 percent 
(n=4), pruritus in 20 percent (n=4), increase in 
aspartate aminotransferase (AST) in 20 percent 
(n=4), pneumonitis in 5 percent (n=1), anemia 
in 5 percent (n=1), fever in 5 percent (n=1), 
and hypophosphatemia in 5 percent (n=1).12

SCCHN. A total of 58 patients had 

FIGURE 1. Stepwise approach to article selection
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SCCHN.13,15,16 Of these patients only � ve SCCHN 
were from the study by Hu et al.13 Of those � ve 
patients, only two were evaluable. Among the 
other three patients, one was unable to have 
a � nal biopsy and the other two were non-
evaluable due to disease progression.13 The 
mean age of these patients was 55.4 years.13,15,16

Prior treatments included chemotherapy 
in 64.5 percent (n=40), radiotherapy in 61.3 
percent (n=38), immunotherapy in 4.8 percent 
(n=3), targeted biologics in 9.6 percent (n=6), 
and surgery in 8 percent (n=5) of patients, 
respectively.13,15,16

A total of 21 patients received radiotherapy 
followed by T-VEC injection, then cisplatin 
chemotherapy. Patients were admitted to the 
hospital for 48 hours and were screened for 
JS1/34.5-/47-/GM-CSF. Patients were discharged 
after a negative swab test.15

The � rst dose was 106 PFU/mL,13,15,16 and the 
second dose ranged between 106 and 108 PFU/
mL.13,15,16

A CCR was seen in 6.4 percent of patients 
(n=4), a partial response was seen in 16.1 
percent (n=10), and tumor necrosis was seen in 
3.2 percent of patients (n=2).13,15,16

Patients were followed for 29 months. Distant 
metastasis of SCCHN was seen in 6.4 percent 
(n=4) of patients.13,15,16

AEs included fatal arterial hemorrhage 
(n=1), pyrexia (n=18), HSV antigens detected 
in necrotic areas (n=2), fatigue (n=8), cervical 
node in� ammation (n=1), mild pain in 
uninjected adjacent lesion (n=1), pain (n=1), 
� u-like illness (n=4), asthenia (n=3), injection 
site pain (n=3), body temperature increase 
(n=2), nausea (n=2), vomiting (n=2), mucosal 
hemorrhage (n=1), tumor ulceration (n=1), 
chills (n=1), and odynophagia (n=1).13,15,16

Primary cutaneous ALCL. One patient (81 
years old) had concomitant primary cutaneous 
ALCL and metastatic melanoma. He � rst 
received targeted radiotherapy to the cutaneous 
ALCL lesions with an excellent response as well 
as nivolumab for his melanoma. However, his 
condition subsequently worsened, and he was 
started on radiotherapy with brentuximab. The 
patient had further complications and due to his 
severe medical conditions, treatment options 
were limited. On Cycle 4, Day 1 of nivolumab, 
he started his � rst dose of T-VEC (1.7 mL of 
106 PFU/mL). The patient developed a fever 
and Kaposi’s varicelliform eruption after the 
� rst dose. T-VEC was then stopped and oral 

valacyclovir was prescribed. After 14 days, a 
complete resolution of the Kaposi’s varicelliform 
eruption was noted.14

DISCUSSION
Oncolytic virus therapy is an active area of 

research and the advent of intralesional T-VEC 
has advanced the treatment of melanoma. 
T-VEC is currently under investigation for non-
melanoma cancer as well, and this systematic 
review synthesizes current data on the topic. 
The majority of the patients in the studies 
had refractory cancers or had been heavily 
pretreated.8–15 The positive results of T-VEC 
in light of these previously failed therapies is 
encouraging. 

In our review, we found that all patients 
with MCC had a CR to T-VEC, with a small 
subset of patients having a CCR. While there 
were only eight patients in the MCC cohort, 
this is promising for T-VEC’s potential as an 
MCC therapy.8–11 MCC shares some similarities 
with melanoma, as they are both aggressive 
cutaneous cancers correlated with ultraviolet 
exposure and immunosuppression,17–19 and this 
may be a contributing factor to the apparent 
success of T-VEC for MCC as T-VEC has proven 
bene� t for melanoma.1,4,5

There were three studies involving T-VEC 
therapy for SCCHN.13,15,16 In the Phase I study 
by Hu et al,13 there were only � ve patients 
with SCCHN; the remaining 25 patients had 
subcutaneous metastases from the breast, 
gastrointestinal adenocarcinoma, or malignant 
melanoma. Out of the � ve participants with 
SCCHN, two were non-evaluable due to disease 
progression, and one was non-evaluable 
because a � nal biopsy was not obtained. This 
study found no CRs or partial responses in 
any of the evaluated patients, though stable 
disease and � attening/shrinkage of the injected 
lesions were found in some of the non-SCCHN 
malignancies.13 However, in the 2010 Phase I/
II study by Harrington et al,15 82.3 percent of 
patients had a tumor response and 93 percent 
of patients had pathologic complete remission 
at neck dissection. In the 2020 Phase Ib study 
by Harrington et al,16 a con� rmed partial 
response was observed in 13.9% of patients. 
The variability in � ndings between the Hu et al13

and both Harrington et al15,16 studies highlights 
the need for more research to evaluate T-VEC’s 
potential for SCCHN. Furthermore, in the study 
by Hu et al,13 there were only two patients with 

SCCHN evaluated, which is a very small sample 
size. In addition, participants in this study were 
only followed for six weeks post-� nal injection, 
which might have contributed to the lack of CR 
observed.13 Both of the studies by Harrington et 
al15,16 demonstrated the potential of T-VEC as a 
therapy for SCCHN, and this might suggest the 
prospective use of T-VEC for other squamous 
cell cancer types as well, such as cutaneous 
SCC. Currently, the University of Arizona is 
completing a Phase II, single-arm clinical trial 
evaluating T-VEC as a monotherapy for low-risk 
cutaneous SCC, with an estimated completion 
date of 2026.20 Findings from this trial will 
continue to move T-VEC’s function forward.

Upon review of the literature, there was 
one study found that looked at T-VEC’s utility 
for sarcoma treatment; this was a Phase II 
study by Kelly et al12 that used a combination 
of T-VEC and pembrolizumab. The study 
demonstrated an objective response rate of 
35 percent. While no CCR was noted, their 
� ndings are promising for sarcoma treatment, 
as chemotherapy (the current mainstay of 
therapy for advanced disease) has an objective 
response rate of approximately 20 percent.12,21

This favorable outcome for sarcoma should be 
further evaluated, and Kelly et al have reported 
they are currently in the process of evaluating 
T-VEC with pembrolizumab for angiosarcoma, 
undi� erentiated pleomorphic sarcoma, 
myxo� brosarcoma, and epithelioid sarcoma.12

While many of these studies demonstrate 
success of T-VEC in non-melanoma cancer 
treatment, it is important to note the AEs 
associated with T-VEC therapy. During our 
literature review, the most common adverse 
e� ects were � u-like symptoms, including grade 
I fever, mild fatigue, and transient nausea, 
which are also reported in the literature during 
T-VEC use in melanoma patients.8–15,22 Other AEs  
were observed throughout the di� erent studies 
as well. In the systematic review, there was one 
patient being treated for concomitant primary 
cutaneous ALCL and metastatic melanoma who 
had to stop his T-VEC therapy due to developing 
a Kaposi’s varicelliform eruption along with 
worsening of his ALCL.14 This demonstrates that 
patients should be counseled to report any new 
rashes or lesions to their health care practitioner. 
Because this patient had two cancer types, it 
is unclear how T-VEC might a� ect lymphoma 
independently, and further studies without 
this confounder are necessary. Overall however, 
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TABLE 1. Summary of articles describing T-VEC as a treatment for non-melanoma cancer

STUDY 
(YEAR)

STUDY 
TYPE

NO. OF 
PATIENTS

MEDIAN 
AGE OF 
ONSET

DIAGNOSIS 
DURATION OF 
TREATMENT AND 
DOSAGE OF T-VEC

PREVIOUS 
TREATMENT

RESPONSE FOLLOW UP
SIDE EFFECTS 
RELATED TO T-VEC 
(NO OF PATIENTS)

Westbrook 
et al (2019)10 Case series

1

Elderly
 men

Recurrent MCC with 
metastasis

1 to 4 mL of 106 PFU/mL; 3 
weeks later: 1 to 4 mL of 108

pfu/mL at 2-week intervals; 
T-VEC for 4 cycles

Complete resection 
followed by adjuvant 
radiotherapy

Complete CR 
at Week 9 

No regression 
for more than 4 
months

NR

1
Recurrent MCC 
without metastasis

Same dosage for more than 
8 cycles

Complete resection

62% 
reduction 
after 4 
months; After 
15 months: 
Recurrence of 
MCC

Recurrence of 
MCC; resumed 
T-VEC and CR 
after 3 weeks; 
no recurrence 
for 7 months 
after last dose 
of T-VEC

Mild fatigue and 
transient nausea

1
Recurrent MCC 
without metastasis

Same dosage for 8 cycles Complete resection

CR at third 
dose; 
complete CR 
after 7 weeks 
of last dose

No recurrence 
for 10 months

Mild, transient � u-
like symptoms

1
Recurrent MCC with 
metastasis, history 
of Crohn’s disease

Same dosage for 4 cycles Wide local incision
CR at 5th 
dose

No recurrence 
for more than 
13 months

Minimal without 
any e� ect on Crohn’s 
disease

Lara et al 
(2018)8 Case report 1 51

Recurrent MCC with 
metastasis

6 cycles of T-VEC added to 
� fth cycle of pembrolizumab

Wide local excision 
with adjuvant 
radiotherapy, after 
cancer recurrence: 4 
cycles of cisplatin/
etoposide, then 
2 cycles after 
recurrence, then 
5 cycles after re-
recurrence

CR after 6th 
cycle

No recurrence 
for more than 
8 months after 
last dose of 
T-VEC

NR for T-VEC; 
autoimmune 
colitis due to 
pembrolizumab

Nguyen et al 
(2019)9 Case report 1 66

Recurrent MCC with 
metastasis

2 mL of 106 PFU/mL, 
followed by 4 mL of 108 PFU 
of T-VEC every 2 weeks

Wide local excision 
of the primary 
MCC with adjuvant 
radiotherapy 
and 4 cycles of 
adjuvant cisplatin/
etoposide; after MCC 
recurrence, patient 
received 1 dose of 
pembrolizumab

CR after 5th 
week

No recurrence 
after 24 months

Grade 1 fever, chills, 
and fatigue

Blackmon et 
al (2017)11 Case series

1 87
Recurrent MCC with 
metastasis

2 mL of 106 PFU/mL T-VEC 
followed by 1 to 2 mL of 
108 PFU/mL at 2-week 
intervals on 3 occasions for 
approximately 1 month

Margin-negative 
resection of a 
primary MCC

CR at 2 weeks 
after the 
4th dose (9 
weeks after 
treatment 
initiation)

No recurrence 
for 5 months 
after last dose

Mild fatigue

1 77
Recurrent MCC with 
metastasis 

Initial dose of 1 mL of 106

PFU/mL T-VEC, followed by 
1 to 2 mL of 108 PFU/mL 
at 2-week intervals on 7 
occasions for approximately 
4 months

Margin-negative 
resection of a 
primary MCC

Partial CR 
3 months 
after 1st 
dose; 62% 
reduction 11 
months after 
1st dose

 No recurrence 
for 7 months 
after last dose

Mild fatigue, nausea, 
and injection site 
tenderness

MCC: Merkel cell carcinoma; NR: not reported; CR: clinical response; ASAT: aspartate aminotransferase level; NO: number; SCC: squamous cell carcinoma; ENT: ear, nose, and throat; KVE: 
Kaposi’s varicelliform eruption; ALCL: anaplastic large-cell lymphoma; PFU: plaque-forming units; DLT: dose-limiting toxicity; T-VEC: talimogene laherparepvec
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TABLE 1 CONTINUED. Summary of articles describing T-VEC as a treatment for non-melanoma cancer

STUDY 
(YEAR)

STUDY 
TYPE

NO. OF 
PATIENTS

MEDIAN 
AGE OF 
ONSET

DIAGNOSIS 
DURATION OF 
TREATMENT AND 
DOSAGE OF T-VEC

PREVIOUS 
TREATMENT

RESPONSE FOLLOW UP
SIDE EFFECTS 
RELATED TO T-VEC 
(NO OF PATIENTS)

Kelly et al 
(2020)12

Phase II study 
of T-VEC

8

63.5

Locally advanced 
sarcoma 

First dose, ≤4 mL × 106 PFU/
mL; second and subsequent 
doses, ≤ 4 mL × 108 PFU/
mL; pembrolizumab, 200 
mg/dose

Doxorubicin- or 
liposomal 
doxorubicin–based 
treatment (13 
patients), pazopanib 
(9 patients), and 
nivolumab with or 
without ipilimumab 
(5 patients)

Median time 
to response 
of 14.4 
weeks; no 
complete CR

The median 
duration of 
response was 
14 months

Fatigue (16), 
fever (9), chills (9) 
nausea (6), anemia 
(5), vomiting (4), 
hypothyroidism 
(4), pruritus (4), 
increase in ASAT (4) 
pneumonitis (1), 
anemia (1), fever (1), 
hypophosphatemia 
(1)

12 Metastatic sarcoma

Harrington 
et al (2010)15

Phase I/
II study of 
T-VEC in 
combination 
with 
radiotherapy 
and cisplatin

4 59.0 

Stage III/IVA/IVB SCC 
of the head and neck

106 PFU/mL on four 
occasions to a maximum of 4 
mL per dose

NR

Complete CR 
in 4 patients 
Partial 
response in 
10 patients 

Distant 
metastasis 
(2); median 
follow-up of 29 
months

Pyrexia (3), fatigue 
(1)

4 54.5

106 PFU/mL on one occasion 
followed by 107 on three 
occasions to a maximum of 4 
mL per dose

No recurrence; 
no metastasis 
median 
follow-up of 29 
months

Pyrexia (2)

4 61.0

106 PFU/mL on one occasion 
followed by 108 on three 
occasions to a maximum of 4 
mL per dose

Distant 
metastasis 
(1); median 
follow-up of 29 
months

Pyrexia (1), fatigue 
(2)

5 47.0

106 PFU/mL on one occasion 
followed by 108 on three 
occasions to a maximum of 8 
mL per dose

Distant 
metastasis 
(1); median 
follow-up of 29 
months

Pyrexia (4), fatigue 
(3)

Hu et al 
(2006)13

Phase I study 
of T-VEC

5 55.2
SCC  of the head and 
neck

1 patient: 106, 107, and 107

PFU/mL; 4 patients: 106, 108, 
and 108 PFU/mL

Surgery (5), 
chemotherapy (4), 
radiotherapy (5)

Tumor 
necrosis 
(2); 3 were 
unevaluable

NR

Cervical node 
in� ammation 
(1), mild pain in 
noninjected adjacent 
lesion (1), HSV 
antigen detected in 
necrotic areas (2)

MCC: Merkel cell carcinoma; NR: not reported; CR: clinical response; ASAT: aspartate aminotransferase level; NO: number; SCC: squamous cell carcinoma; ENT: ear, nose, and throat; KVE: 
Kaposi’s varicelliform eruption; ALCL: anaplastic large-cell lymphoma; PFU: plaque-forming units; DLT: dose-limiting toxicity; T-VEC: talimogene laherparepvec
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T-VEC is well-tolerated by patients.4 There were 
no studies found evaluating T-VEC in patients 
with cutaneous lymphoma.

It is important to note that T-VEC is reserved 
for immunocompetent, non-pregnant patients. 
This therapy is contraindicated in patients with 
immunode� ciency and immunosuppression, 
such as hematologic malignancies, steroid 
use, active herpetic infection, antiviral 
therapy with acyclovir or valacyclovir, or 
human immunode� ciency virus/acquired 
immunode� ciency syndrome.2,23,24 Further, 
organ-transplant recipients are excluded from 
immunotherapy clinical trials due to the risk of 
graft rejection, and more data are needed for 
T-VEC’s utilization in this patient population.25

Additionally, it is important to consider 
combination therapy with T-VEC for cancer 
treatment. Though o� -label, combining 
intralesional and systemic treatments has 
demonstrated e�  cacy and is likely the future 
of immunotherapy. In the systematic review, 
two trials combined T-VEC with nivolumab and 
two combined it with pembrolizumab for the 
non-melanoma cancers. However, combination 
therapy for advanced melanoma is an active 
area of research presently. T-VEC in combination 
with ipilimumab has demonstrated e�  cacy for 

melanoma treatment. In 2017, Chesney et al26

found that combination T-VEC and ipilimumab 
had a greater objective response rate (38.8%) 
compared to ipilimumab alone (18.0%) for 
melanoma patients. A follow-up randomized 
trial by Chesney et al27 in 2020 further 
demonstrated the e�  cacy of ipilimumab with 
T-VEC as therapy for advanced melanoma. The 
group receiving combination therapy had a 21.4 
percent complete response rate compared to a 
6.0 percent rate in the ipilimumab-only arm.27

Further, in the combination therapy group, they 
found that a CR was associated with prolonged 
overall survival.27 Similarly, T-VEC in combination 
with pembrolizumab is also a promising 
treatment combination for melanoma. Long et 
al28 found that, out of 21 melanoma patients 
treated with T-VEC and pembrolizumab, 14 
percent had a con� rmed complete response 
and 48 percent had a con� rmed objective 
response rate. Comparably, a Phase Ib clinical 
trial by Ribas et al29 found that, out of 21 
patients being treated with pembrolizumab 
and T-VEC combination therapy, 62 percent of 
patients had an objective response rate and 
33 percent had a complete response rate.29

Presently, a worldwide Phase II, open-label, 
single-arm clinical trial is recruiting participants 

to evaluate combination therapy with T-VEC 
and pembrolizumab for advanced melanoma 
with an estimated primary completion date in 
2021.30 Combination therapy with T-VEC is an 
encouraging treatment modality for melanoma, 
and its continued evaluation is likely to pave the 
way for its utility as a treatment option for other 
malignancies as well.

This systematic review highlights the 
prospective use of T-VEC as a therapy for non-
melanoma cancers. Furthermore, due to the 
proven success of T-VEC for melanoma and the 
relative success reported by this review of T-VEC 
for MCC speci� cally, there is especially potential 
for T-VEC use as a therapy for non-melanoma 
skin cancers. In addition to the aforementioned 
University of Arizona clinical trial,20 presently, 
there are multiple clinical trials evaluating 
this utility of T-VEC. The University of Zurich is 
completing a Phase I study evaluating T-VEC 
in approximately 20 participants with locally 
advanced non-melanoma skin cancer with 
an estimated completion date of February 
2022.31 Memorial Sloan Kettering Cancer center 
is conducting a Phase II randomized trial in 
approximately 19 participants evaluating T-VEC 
with or without radiotherapy for cutaneous 
melanoma, MCC, or other solid tumor cancers; 

TABLE 1 CONTINUED. Summary of articles describing T-VEC as a treatment for non-melanoma cancer

STUDY 
(YEAR)

STUDY 
TYPE

NO. OF 
PATIENTS

MEDIAN 
AGE OF 
ONSET

DIAGNOSIS 
DURATION OF 
TREATMENT AND 
DOSAGE OF T-VEC

PREVIOUS 
TREATMENT

RESPONSE FOLLOW UP
SIDE EFFECTS 
RELATED TO T-VEC 
(NO OF PATIENTS)

Harrington et 
al (2020)16

A multicenter, 
Phase Ib study

36 62
Recurrent or 
metastatic SCC of the 
head and neck

106 of plaque-forming units 
(PFU)/mL for up to 8 mL, 
followed by up to 8 mL of 108

PFU/mL every 3 weeks

Chemotherapy (36), 
radiotherapy (33), 
immunotherapy (3), 
targeted biologics (6)

Complete CR (0), partial CR (5), 
stable disease (9), progressive 
disease (6), unevaluable (6), and 
not done (10)

Fatal DLT: fatal arterial 
hemorrhage (1), 
pyrexia (8), in� uenza-
like illness (4), asthenia 
(3), injection site 
pain (3), 
body temperature 
increase (2), fatigue 
(2), nausea (2), 
vomiting (2), mucosal 
hemorrhage (1), tumor 
ulceration (1), chills 
(1), odynophagia (1), 
pain (1)

Miller et al 
(2018)14 Case report 1 81

Concomitant primary 
cutaneous ALCL and 
metastatic melanoma

1.7 mL of 106 PFU/mL one 
cycle

Targeted radiotherapy 
to the cutaneous ALCL 
lesions with excellent 
response. Nivolumab 
for melanoma. Due 
to patient worsening, 
he started with 
radiotherapy and 
brentuximab

Febrile, 
fatigued 
leukocytosis, 
worsening of 
pcALCL

Complete 
resolution of 
KVE after14-day 
course of oral 
valacyclovir

KVE eruption after 1st 
dose of T-VEC

MCC: Merkel cell carcinoma; NR: not reported; CR: clinical response; ASAT: aspartate aminotransferase level; NO: number; SCC: squamous cell carcinoma; ENT: ear, nose, and throat; KVE: 
Kaposi’s varicelliform eruption; ALCL: anaplastic large-cell lymphoma; PFU: plaque-forming units; DLT: dose-limiting toxicity; T-VEC: talimogene laherparepvec
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the estimated completion date is June 2022.32

The National Cancer Institute is completing a 
Phase II study of T-VEC followed by T-VEC with 
nivolumab in non-melanoma skin cancers. The 
estimated enrollment is 68 participants and 
is scheduled to be completed in June 2022.33

Finally, in March 2020, Trillium Therapeutics Inc. 
terminated their Phase I dose-escalation trial 
of TTI-621 in 56 participants with relapsed and 
refractory solid tumors and mycosis fungoides. 
One arm of the study was given combination 
TTI-621 and T-VEC.34 

The results of these trials will further 
increase understanding of T-VEC as a therapy 
for non-melanoma cancers. However, due to 
the relatively small total cohort of participants, 
further studies of non-melanoma skin cancers, 
such as MCC, cutaneous SCC, cutaneous 
lymphoma, and advanced basal cell carcinoma, 
among others, are warranted, with an eventual 
push toward Phase III trials. T-VEC is a promising 
new therapy, and the expansion of its clinical 
indication would likely be bene� cial for patients.

CONCLUSION
Currently, T-VEC is only FDA-approved for 

melanoma.1 However, it has shown utility as a 
treatment both individually and in combination 
with other therapies for non-melanoma 
cancer and is well-tolerated by patients.8–16

These promising � ndings are encouraging and 
demonstrate the need for further Phase III trials 
of T-VEC.
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